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ABSTRACT 
32\08 
The mechanical properties of HP 9-4-25 alloy sheet (0.062-inch 
thick) were determined at temperatures from 27OC (80OF) to -253OC (-423OF). 
The ultimate tensile and yield strengths were considerably greater at 
-253OC (-423OF) than at 27°C (80°F), and the notched/unnotched tensile 
ratios were greater than 0.81 at temperatures from 27OC (80O.F) to -196°C 
(-320OF). This alloy is not recommended for critical applications below 
-196OC (-320OF) since the elongation and notched/unnotched tensile ratio 
decreased rapidly below this temperature. 
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SUMMARY 
The mechanical properties of annealed and heat-treated HP 9-4-25 
alloy sheet (0.062-inch thick) were determined at temperatures from 27°C 
(80°F) to -253°C (-423°F). Although the test results indicated no out- 
standing differences in the mechanical properties with respect to the 
rolling direction, the transverse properties tended to exceed the longi- 
tudinal properties over the test temperature spectrum. The ultimate 
tensile and yield strengths were considerably greater at -253°C (-423'F) 
than at 27°C (80°F). 
The elongation remained almost constant at temperatures down to 
-196°C (-320°F) and then decreased with further decrease in temperature. 
The notchedlunnotched tensile ratios exceeded 0.81 in the temperature 
range of 27°C (80'F) to--196"C (-320'F) but dropped rapidly to values of 
less than 0.69 at -253°C (-423"F), which indicated a deterioration of 
toughness at temperatures below -196°C (-320OF). The annealed and the 
heat-treated material behaved in approximately the same manner, qualita- 
tively, over the test temperature range. As expected, the heat-treated 
material had higher tensile strengths with lower elongation. 
INTRODUCTION 
To assist in the proper material selection for: application at cryo- 
genic temperatures, an extensive evaluation is in progress to determine 
the low temperature mechanical properties of selected engineering alloys. 
This report covers the investigation of one of these alloys, *HP 9-4-25. 
This alloy is a nickel-cobalt, quenched and tempered, martensitic steel 
containing approximately 9% nickel, 4% cobalt, and 0.25% carbon with 
molybdenum, and vanadium. HP 9-4-25 alloy was developed recently by 
Republic Steel Corporation for use in large structural applications 
(e.g., large rocket motor cases) where the material must be able to 
tolerate the imperfections that may occur during normal manufacturing 
processes (ref. 1). 
, varying amounts of manganese, phosphorous, sulphur, silicon, chromium, 
Republic Steel Corporation uses carbon rather than conventional alu- 
minum or silicon additives to deoxidize the melt. The basic arc furnace 
*Hi-Per f ormance 
. 
is used to produce a melt which is low in sulphur and phosphorous content 
Deoxidation with carbon is accomplished by processing the air melt steel 
in a vacuum. The deoxidation reaction takes place mainly in a vacuum 
consumable-electrode arc furn'ace with oxygen being removed as carbon 
monoxide (ref. 2). In general, the corrosion resistance and fabrication 
practices for this alloy are similar to AIS1 4340. Hot forming is more 
difficult because of the high cobalt content (ref. 3). 
This report gives the results of tests which were made to determine 
the mechanical properties of HP 9-4-25 alloy sheet (0.062-inch thick) at 
temperatures from 27°C (80OF) to -253°C (-423OF). The strength values 
presented are not to be interpreted as minimum guaranteed values but 
simply indicate the typical strengths at the various temperatures. The 
test specimens were obtained from one heat of material (heat 3930786) 
and do not necessarily represent typical values from other heats. 
EQUIPMENT AND SPECIMEN PREPARATION 
The testing equipment and specimen preparation are discussed in a 
previous MSFC report (ref. 4). 
RESULTS AND DISCUSSIONS 
The low temperature mechanical properties of annealed and heat- 
treated HP 9-4-25 alloy were determined parallel and transverse to the 
principal direction of rolling. The test material (0.062-inch sheet) 
was furnished by Republic Steel Corporation in the annealed condition, 
and the heat treatment wasaccoinplished at this Center. The heat-treat- 
ing operation consisted of austenitizing at 843°C (1550°F) for one-half 
hour and oil quenching, followed by d double draw at 204°C (400°F) (one 
hour at temperature each draw) and air cooling. The chemical composition 
of the alloy is given in Table I, and the experimental test results are 
listed in Tables 11 and 111. 
The ultimate tensile strength of the annealed material (FIG 1) in- 
creased continuously from approximately 150,000 psi at 27°C (80OF) to 
about 250,000 psi at -253°C (-423'F), while the yield strength decreased 
approximately 20,000 psi between 27°C (80°F) and -73°C (-100OF) and then 
increased with corresponding decrease in test temperatures to a maximum 
of over 168,000 psi at -253'C (-423'F). The elongation remained nearly 
constant, approximately 13 percent over the temperature range of 27°C 
(80OF) to -196OC (-320°F) but decreased to seven percent at -253°C (-423°F). 
The notched/unnotched tensile ratios (FIG 2)  were 0.82 or greater at test 
temperatures down to -196°C (-320'F). At -253°C (-423'F), a significant 
2 
. 
4 
deterioration in the toughness of the material is indicated by the low 
notched/unnotched tensile ratios of 0.67 and 0.58 for the longitudinal 
and transverse directions, respectively. The tensile strengths of the 
annealed material in the transverse direction either exceeded or were 
approximately equal to the tensile strengths in the longitudinal direc- 
tion with one exception. At -253°C (-423"F), the notched tensile strength 
in the transverse direction was 18,000 psi less than the notched tensile 
strength in the longitudinal direction. 
The ultimate tensile strength of the heat-treated material (FIG 3 )  
increased from 220,000 psi to 290,000 psi over the temperature range of 
27°C (80°F) to -253°C (-423"F), and the yield strength increased from 
180,000 psi to approximately 260,000 psi over the same temperature range. 
The elongation increased gradually from 6.5 percent at 27°C (80°F) to 
8.5 percent at -196°C (-320°F) and then decreased to 3.6 percent at -253OC 
(-423°F). The notched/unnotched tensile ratios (FIG 4) were near unity 
or above for temperatures down to -196°C (-320°F), indicating that the 
alloy in the heat-treated condition does not become notch sensitive 
(utilizing Kt = 10) over this temperature range. 
unnotched tensile ratio dropped to approximately 0.67 at -253°C (-423"F), 
which indicates a substantial depreciation of toughness of the heat- 
treated material, as in the annealed materia1,at temperatures below -196°C 
(-320°F). The differences in the directional properties for the heat- 
treated material were very slight. 
However, the notched/ 
CONCLUSIONS 
Based upon the data obtained in this investigation, it is believed 
that HP 9-4-25 alloy sheet has good mechanical properties at temperatures 
down to -196°C (-320°F). The test results indicated no great differences 
in the mechanical properties with respect to the rolling direction; how- 
ever, the transverse properties tended to exceed the longitudinal prop- 
erties over the temperature range of 27°C (80°F) to -253°C (-423°F). The 
ultimate tensile and yield strengths were considerably greater at -253°C 
(-423°F) than at 27°C (80OF). 
elongation, remained almost constant down to -196°C (-320°F) but decreased 
at -253°C (-423'F). This decrease in elongation also is accompanied by 
low notched/unnotched tensile ratios of less than 0.69 at -253°C (-423OF), 
indicating a depreciation in material toughness at temperatures below 
-196°C (-320°F). Therefore, caution should be exercised in the use of 
HP 9-4-25 sheet for critical applications at cryogenic temperatures 
approaching that of liquid hydrogen. 
The ductility, as defined by percent 
3 
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TABLE I 
CHEMICAL COMPOSITION(1) OF HP 9-4-25 ALLOY SHEET 
ANALYZED COMPOSITION RANGE; 
Nickel 
Cobal t  
Carbon 
Manganese 
Phosphorous 
Sulphur 
S i l i c o n  
Chromium 
Molybdenum 
Vanadium 
8.42 
3 .90  
0.26 
0.27 
0.005 
0.009 
0.04 
0.49 
0.43 
0.11 
7.5-9.0 
3.5-4.5 
0.24- 0.30 
0.15-0.35 
0.01 Max. 
0 .01  Max. 
0.10 Max. 
0.35-0.55 
0.35-0.55 
0.06-0.12 
(')The chemical composition d a t a  were furn ished  by Republic S t e e l  Corpor- 
a t i o n .  
5 
. '  
0 4  b m  a a  N m  - 0 3  
00 m m  m m  0303 a m  
d +  00 00 00 00 
. .  . .  . .  . .  . .  
A ; . 
o m  u z < u  
z 
H 
00 0 0  0 0  00 0 0  
0 0  00 00 0 0  0 0  
.tm N m  0 3 m  ma, .tb 
I 
hl 
a 
0 
0 
.) 
00 0 0  m m  l n m  N O  
N N  N N  m e  c o b  
. .  . .  . .  . .  . .  
2 2  rlrl drl drl  
m 
hl 
I 
Y m 
PI 
X 
n 
N 
W 
1 
2 
0 0  00 0 0  0 0  00 
0 0  00 0 0  0 0  00 
N N  a 0  N b  m a  r l N  
F 
0 w a  o a  
00 0 0  00 00 0 0  
0 0  0 0  00 0 0  0 0  
a,", m n n  b On -!!On mn '0, 
n 
rl 
W 
rl 
a, -rl 
boo m cn w 
H z 
E 
2 
PI 
J 
. m  . r n  . r n  . r n  . r n  
M C  M d  M C  bod ME: 
C Q  c m  C Q  C Q  C Q  o u  O b  o u  2:: A H  A H  3:: A I 3  
U F  u o  0 0  0 0  0 0  
0 0  0 0  m o  a 0  m m  
b o  m o  N O  m o l  m N  
6 
U 
tu 
3 
tu 
& a 
aJ 
P 
3 
0 a 
d 
0 3 m  
0 0  . .  m m  0 0  
4 d  
. .  m r l  0 0  
d d  
. .  C V b  o m  
4 0  
. .  a03 \Da H W 
W 
X 
m 
. .  
0 0  d d  
X u z 
H 
.n 
s u 
C 
a, 
3 
d 
-4 . 
O d  
0 
a 0  c u  
tu 
& 
& .r( 
3 m  
0 d a  
C 
w m  
u .  
o m  u 
2 . M  
H “3 I N a 0 0 00 0 0  ”, On 0 0  0 0  \ o m  0 0  0 0  - 4  n n  0 0  0 0  03- 0 3 m  d d  k ‘On n n  \De m r l  N N  n 
m 
N 
I 
7 m 
m m  
\Dm 
. .  m o  
b b  
. .  m m  
h b  
. .  r l m  
0303 
. .  \Da 
O m  
. .  
PI 
X 
n 
N 
W 
n w 
3 H
0 0  
0 0  d m  
0 0  
0 0  m m  
0 0  
0 0  
CVm 
0 0  
0 0  
coo 
n n  
0 0  
0 0  
-! ‘0, n n  
m e  
N O  
C V N  
n n  
e m  
Q b  
N N  
U 
a w  
w 
-: $ 1  0 0  
0 0  
-03 
00 
0 0  
\Dm 
0 0  
00 
0 0  
0 0  
d 
W 
n n  
a b  m m  
d d  
m 
H 
W 
PI 
PI 
Fl 
52 C 0 
*4 
U 
u 
aJ 
& 
.I+ 
ia 
.cn . r n  ‘ m  
bod c m  
O &  
J H  
bod c a  
3: 
bod 
c t u  
S &  
n 
V L  
0 0  b o  
N c o  
0 0  m o  
b o  
0 0  m o  
N O  
W l A  
I 
W 
ACJ 
I I  
W 
I I  
W 
7 
2 4 0  
2 2 0  
200  
'si 180 
2 
v) 
v) 
- 
2 
160 
1 4 0  
120 
100 
4- 
E 
W 
g g  15 
0 ,  
'= 9 
M 5  c .E 
- c  c -  
0 
KIN 
0 
w 
- 
8 
Temperature, deg Fahr 
-400  -300 -200 -100 0 100 
I I I I I I I I I I I I 
I 
I I I I I I I I I I I - 
- 2 4 0  -184  -129  -73 -18 38 
Temperature, deg C 
FIGURE 1:LOW TEMPERATURE MECHANICAL PROPERTIES OF ANNEALED 
HP 9-4-25 ALLOY, 0.062- INCH SHEET 
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FIGURE 2.-LOW TEMPERATURE NOTCHED TENSILE STRENGTH AND NOTCHED/UNNOTCHED 
TENSILE RATIO OF ANNEALED HP 9-4-25 ALLOY, 0.062-INCH SHEET 
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FIGURE 3.-LOW TEMPERATURE MECHANICAL PROPERTIES OF HEAT TREATED 
HP 9 - 4 - 2 5  ALLOY, 0.062-INCH SHEET 
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FIGURE 4.-LOW TEMPERATURE NOTCHED TENSILE STRENGTH AND NOTCHED/UNNOTCHED 
TENSILE RATIO OF HEAT TREATED HP 9-4-25  ALLOY, 0.062-INCH SHEET 
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